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Review of Blanco-Elorrieta and Pylkka¨nen
Bilingual individuals purportedly outper-
formmonolingual individuals in nonverbal
tasks of executive function, such as the Si-
mon,Flanker, andStroop tasks (Donnelly et
al., 2015). They are also less affected by age-
associated cognitive decline (Bak et al.,
2014). Hence, understanding the implica-
tions of learning a second language may
teach us something about functional plas-
ticity and far transfer effects, as well as in-
formeducationalpolicyandsocialpractices.
Yet the neurocognitivemechanisms behind
the bilingual advantage remain mysterious.
This, combined with inconsistent behav-
ioral results, makes many cognitive neuro-
scientists question whether the reported
bilingual advantage is real andnotmerely an
artifact of particular research practices or
publication bias (de Bruin et al., 2015; Paap
et al., 2015).
The most commonly cited explanation
for the bilingual advantage is the proposal
by Green (1998) that managing two lan-
guages during language production con-
stantly draws upon, and thus strengthens,
domain-general (i.e., not language specific)
executive control processes (e.g., conflict
monitoring, interference suppression, selec-
tive response inhibition; Abutalebi and
Green, 2016) that select words in the in-
tended languagewhile inhibiting the activa-
tion of words in the unintended language.
The reason that production (rather than
comprehension) is key is that bilingual indi-
viduals need to inhibit words in one lan-
guage to generate words in the other, but
they do not need to inhibit the activation of
words in one language to understandwords
in another. Hence, according to Green
(1998), the bilingual advantage stems from
the frequent use of domain-general execu-
tive control processes in language produc-
tion. Specifically, bilingual individuals
regularly activate a network involving left
inferior frontal gyrus (IFG) anddorsolateral
prefrontal cortex (DLPFC) to inhibit and
select between languages (Abutalebi and
Green, 2016).
Although studies have demonstrated
that bilingualism is associated with func-
tional brain reorganization in children
(Arredondo et al., 2016) and adults (Berken
et al., 2016), no study had demonstrated
that switching languages in production and
not comprehension draws upon domain-
general executive control processes until the
Blanco-Elorrieta and Pylkka¨nen (2016)
study. The significance of this particular
study is that it provides crucial neurophysi-
ological evidence in support of the theoryby
Green (1998) linking language switching in
production with domain-general control
processes, and language switching in com-
prehension with domain-specific (i.e., lan-
guage) control processes. It did this byusing
magnetoencephalography (MEG) to mea-
sure, in a group of highly proficient Arabic-
English bilinguals, the degree of overlap in
neural activation between language-switch-
ing and category-switching tasks, during
both language production (where partici-
pants were required to name target stimuli)
and language comprehension (where they
were instructed to match verbal and visual
stimuli by pressing a button).
MEGdata were analyzed from three dif-
ferent brain regions commonly implicated
in language switching:DLPFC, left IFG, and
left anterior cingulate cortex (ACC; Ab-
utalebi andGreen, 2016). Similar neural ac-
tivation patterns were found in DLPFC
during language-switching and category-
switching taskswhen theparticipants had to
produce language but not when they had to
merely understand language. In the latter
(language comprehension) conditions, left
ACC was selectively activated during the
language-switching task. The effects of
switching languages did not extend to left
IFG, even though this region has been im-
plicated in inhibitory control (Abutalebi
and Green, 2016). However, this may have
beenbecause left IFGisalsoactivatedduring
language processing (Hagoort, 2005), and
every experimental trial involved verbal
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stimuli. Importantly, Abutalebi et al. (2012)
and others have suggested that language
switching in comprehension strengthens or
adjusts a domain-general control mecha-
nism inACC,but thedata fromthe studyby
Blanco-Elorrieta andPylkka¨nen(2016) sug-
gest that the control mechanism in ACC is
language specific not domain general.
Therefore, their data dovetail with the pro-
posal byGreen (1998) thatmanaging twoor
more languages during production fre-
quently recruits a domain-general executive
control resource, leading to a bilingual
advantage.
If the interpretation of the data from
Blanco-Elorrieta and Pylkka¨nen (2016) is
correct, then the bilingual advantage may
arise from the experience of language pro-
duction but not of language comprehen-
sion. However, the participants in the
study by Blanco-Elorrieta and Pylkka¨nen
(2016) were well rehearsed at both com-
prehending and producing two lan-
guages. To ascertain whether production
rather than comprehension results in a bi-
lingual advantage, one would ideally test
for a bilingual advantage in people who
can comprehend but not produce lan-
guage. Fortunately, such people exist:
preverbal human infants. Human infants
learn to comprehend languages well be-
fore they are able to produce them (Ber-
gelson and Swingley, 2012). Applying the
theory by Green (1998) and interpreta-
tion of their own data by Blanco-Elorrieta
and Pylkka¨nen (2016), preverbal infants
who are exposed to a bilingual environ-
ment should not show any bilingual
advantage. Yet, studies suggest that they
actually do. For example, Kova´cs and
Mehler (2009) used an eye tracker tomea-
sure the anticipatory looks of 7-month-
old infants who were raised from birth in
either a monolingual or a bilingual envi-
ronment. All infants learned to associate a
cuewith a reward presented on one side of
a screen. However, only bilingual infants
were able to update their anticipatory
looks when the cue began signaling the
reward on the opposite side of the screen.
How can this be reconciled with the neu-
rophysiological data and theory? If the
bilingual advantage arises as a result of
language production, how can mere ex-
posure to a bilingual environment confer
cognitive benefits?
It is possible that, because every child
adapts to his or her environment, exposure
to varied, unpredictable language input
(hearing two or more languages) leads to
experience-driven adaptations that con-
strain brain and cognitive development.
There are broadly two ways—consistent
with the data from Blanco-Elorrieta and
Pylkka¨nen (2016)—in which early experi-
ence-driven adaptations could give rise to a
bilingual advantage. First, it is possible that
to monitor multiple languages, preverbal
infants draw upon neural resources in dor-
sal ACC (dACC) that are initially domain
general, but which become gradually more
specialized to language over developmental
time. In other words, some neurons in dor-
sal ACCmay initially be involved in a range
of functions, but during ontogenesis their
response properties become more special-
ized for language than neurons in DLPFC.
ACC is indeed structurally and functionally
heterogeneous, and its structures and func-
tions change over developmental time
(Wang et al., 2015). Furthermore, tasks that
require adaptive control dependon twodis-
tinct frontoparietal and cingulo-opercular
networks in the adult brain (the former, in-
volving DLPFC, underpins highly adaptive
control processes, and the latter, involving
dACC,maintains tonic alertness; Coste and
Kleinschmidt, 2016), but these two net-
works are less differentiated in children than
in adults (Fair et al., 2007). Moreover, the
dACC is actually part of the frontoparietal
network in children. Over developmental
time, it disconnects from the frontoparie-
tal network and gradually becomes embed-
ded in the cingulo-opercular network (Fair
et al., 2007). This supports our suggestion
thatACCmayhave contributed to domain-
general executive control processes more in
early than late development. However, we
can only speculate as to why ACC would
specialize more than DLPFC.
Second, it is possible that the inhibi-
tory control mechanism of Green (1998)
is just one of several mechanisms under-
pinning the bilingual advantage, and that
these mechanisms have differential effects
over the lifespan. For example, Donnelly
et al. (2015) performed a meta-analysis of
73 studies that compared monolingual
and bilingual individuals on tasks that
contain trials with andwithout distracting
information (e.g., Flanker, Simon, and
Stroop tasks). The difference in reaction
time (RT) between these two trial types
is assumed to reflect the additional time
needed to engage a domain-general inhib-
itory mechanism that suppresses distract-
ing information. Donnelly et al. (2015)
found that, whereas bilingual adults show
more of an inhibitory control advantage
(i.e., a smaller difference in RTs between
the two trial types), bilingual children
tend to show more of a general executive
control advantage (i.e., a shorter average
RT across both trial types). But what other
mechanisms (besides inhibitory control)
might give rise to a bilingual advantage?
We know that postnatal auditory prefer-
ences are adaptively shaped by prenatal
auditory learning experiences (Byers-
Heinlein et al., 2010), and that perinatal
learning involves the following two
mechanisms: habituation and novelty
preference. It is possible that exposure to
bilingual input sharpens these perinatal
learning mechanisms, which lead to cog-
nitive benefits. How would this happen?
Habituation is an adaptive process by
which the infant orients to, and builds a
model of, a familiar stimulus (e.g., mater-
nal language). Infants who are exposed to
more varied, less predictable language in-
put may need to process information
more efficiently, perhaps by learning to
construct, and get by on, less detailed
models, so they can orient sooner to less
familiar (but equally important) stimuli
(e.g., a second language). If this were the
case, then we would expect “bilingual ex-
posure” infants to show less familiarity
preference and more novelty preference
than their monolingual peers. This is in-
deed what happens in 4-month-old
bilingual infants (Bosch and Sebastian-
Galles, 1997). Furthermore, a recent arti-
cle (Singh et al., 2015) found that
6-month-old bilingual infants habituate
faster (i.e., build models quicker or con-
struct less detailed models) than mono-
lingual control subjects. Moreover, if bi-
lingual infants have learned to get by on
less complete internal models, it would
explain why a recent study (Folke et al.,
2016) found a bilingual disadvantage in
metacognition, the ability to evaluate
one’s own cognitive processes. In other
words, the language comprehension–pro-
duction distinction in the study by
Blanco-Elorrieta and Pylkka¨nen (2016)
may explain some, but not all, bilingual
advantage effects. To explain them all, it
may be important to take into account de-
velopmental (context-dependent) adap-
tive processes.
In summary, bilingual individuals pur-
portedly outperform monolingual individ-
uals innonverbal tasksof executive function
and show slower rates of age-associated
cognitive decline. Yet, the neurocognitive
mechanisms that underlie the bilingual ad-
vantage remaincontroversial.An influential
idea that is implicitly assumed inmost con-
temporary bilingual advantage theories
yokes language control (typically inproduc-
tion) to domain-general executive control
mechanisms that are commonly localized in
prefrontal cortex (e.g., in DLPFC). The
study by Blanco-Elorrieta and Pylkka¨nen
(2016) provides compelling evidence in
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support of this idea. However, neither the
idea nor their data explain why a bilingual
advantage is found in preverbal infants.
Therefore, we suggest that the domain-
general (inhibitory) control mechanism in
DLPFCmay bemerely one of severalmech-
anisms underlying the bilingual advantage,
and that these may have differential effects
across the lifespan. A developmental ap-
proach would be needed to elucidate them.
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